[1] In this paper, we present Cluster observations of a magnetotail reconnection event without the presence of an obvious guide magnetic field and analyze electron pitch angle distributions in the vicinity of the X line and the outflow region, respectively. In the vicinity of the X line, at lower energies the distributions are highly anisotropic (field-aligned bidirectional anisotropic), while at higher energies, the electrons are observed to flow away from the X line along the magnetic field lines. The electron distributions change largely in the outflow region. At the edge of the outflow region, at lower energies, the electrons flow toward the X line, while the electrons at higher energies are directed away from the X line. When the satellites approach the center of the current sheet, at lower energies, the electrons have field-aligned bidirectional distributions, while at higher energies, the electron distributions are isotropic. The generation mechanisms of such distributions are explained by following typical electron trajectories in the electric and magnetic fields of magnetic reconnection, which are obtained in two-dimensional particle-in-cell simulations. It is shown that the observed high-energy electrons directed away from the X line both in the vicinity of the X line and in the outflow region are due to the acceleration by the reconnection electric field near the X line, and the field-aligned bidirectional distributions at lower energies are caused by the effects of the magnetic mirror in the reconnection site. The isotropic distributions at higher energies in the outflow region are the results of the electron stochastic motions when their gyroradii are comparable to the curvature radii of the magnetic field lines.
Introduction
[2] Magnetic reconnection is a fundamental plasma process by which magnetic energy is rapidly converted into plasma energy, and it is also accompanied by magnetic topological changes [Vasyliunas, 1975; Biskamp, 2000; Priest and Forbes, 2000] . Magnetic reconnection is believed to be the major driving mechanism for many explosive phenomena in space and laboratory plasma, such as solar flares [Giovanelli, 1946; Tsuneta et al., 1992] , substorms in the Earth's magnetosphere [Nishida, 1978; McPherron et al., 1987; Ge and Russell, 2006] , and disruptions in laboratory fusion experiments [Wesson, 1997] . Since the first theoretical model for magnetic reconnection was proposed by Sweet [1958] and Parker [1957] more than 50 years ago, numerous theoretical and observational articles have been published along this line Hesse et al., 2001; Shay et al., 2001; Wang et al., 2001; Øieroset et al., 2001 Nagai et al., 2001 Nagai et al., , 2003 Pritchett and Coroniti, 2004; Zong et al., 2004; Fu et al., 2006; Cao et al., 2006; Wei et al., 2007; Xiao et al., 2007; Drake et al., 2008; Sergeev et al., 2008] . The fast rate of collisionless reconnection is considered to be determined by ion-scale Hall effects in the ion diffusion region Shay et al., 2001; Ma and Bhattacharjee, 2001] , which results from the decoupled motions of ions and electrons. At this scale length, the electrons are magnetized and frozen in the magnetic field lines, while the motions of ions are demagnetized. However, recent observations both in the magnetotail and during solar flares indicate that energetic electrons are one of the most important signatures in magnetic reconnection. In solar flares, X-rays are thought to be generated by energetic electrons in magnetic reconnection [Lin and Hudson, 1976; Miller et al., 1997] . In the Earth's magnetotail, there have been a few direct measurements of energetic electrons associated with magnetic reconnection [Øieroset et al., 2002; Imada et al., 2007; Retino et al., 2008; Wang et al., 2008; Chen et al., 2008a] . In the ion diffusion region, the outflow speed of the electrons is much larger than the Alfvén speed [Pritchett, 2001; Drake et al., 2008] . The energetic electrons are considered to be accelerated near the X line when their motions are demagnetized, which gives rise to the off-diagonal electron pressure term and electron inertial term in the generalized Ohm's law. These terms are found to be the main cause of the reconnection electric field near the X point [Vasyliunas, 1975; Cai and Lee, 1997; Hesse and Winske, 1998; Pritchett, 2001; Kuznetsova et al., 2001; Scudder et al., 2002; . Therefore, electron dynamics plays an important role in magnetic reconnection.
[3] Electron dynamics in collisionless magnetic reconnection has been previously studied using test particle calculations [Speiser, 1965; Deeg et al., 1991; Litvinenko, 1996] and particle-in-cell (PIC) simulations Hesse et al., 2001; Pritchett and Coroniti, 2004; Fu et al., 2006; Pritchett, 2006a Pritchett, , 2006b Drake et al., 2008; . The energetic electrons are accelerated mainly by the reconnection electric field in the vicinity of the X line. When there is no guide field, the electrons may be reflected back and enter the acceleration region several times before they leave the vicinity of the X line. When there is a guide field, although the reconnection electric field becomes smaller, the electrons may still be accelerated to higher energy by staying in the vicinity of the X line for a longer time because of the gyromotions of the electrons in the guide field [Litvinenko, 1996; Fu et al., 2006] . Chen et al. [2008b] investigated electron distributions in an extended electron current sheet and its adjacent magnetic island with PIC simulations and compared them to Cluster observations. Electron dynamics has also been investigated with satellite observations [Øieroset et al., 2001 Nagai et al., 2001 Nagai et al., , 2003 Wang et al., 2008] . Øieroset et al. [2001, 2002] reported a reconnection event with an obvious guide magnetic field in the deep magnetotail. During the process of the Wind spacecraft crossing the diffusion region from the earthward side to the tailward side, near the boundary between the plasma sheet and the lobe in the Southern Hemisphere, a low-energy (<300 eV) electron beam aligned with the magnetic field and directed toward the X line was observed just before the flow reversal. The same reconnection event has also been studied by Egedal et al. [2005] , and it is found that near the center of the diffusion region, the electron pitch angle distributions with energies from 15.2 eV to 6 keV display peaks at 0°and 180°and minima at 90°(field-aligned bidirectional distributions), while the electron distributions become nearly isotropic at energies higher than 6 keV. Such distributions near the center of the diffusion region are attributed to the existence of a strong electrostatic potential, and some of the electrons are trapped by such potential. The electron distributions in the outflow region were also measured by Geotail and Wind spacecraft in the magnetotail [Fujimoto et al., 1997; Nagai et al., 2001 Nagai et al., , 2003 Manapat et al., 2006] and by Cluster in the magnetotail [Alexeev et al., 2005; Asnes et al., 2008] and magnetopause [Retino et al., 2006] . Hot and cold electrons, which flow away and toward the X line, respectively, are observed in this region.
[4] On 10 September 2001, Cluster observed a reconnection event in the Earth's magnetotail, and the satellites were moving from tailward to earthward of the reconnection site. Different from the reconnection event observed by Wind in the deep magnetotail [Øieroset et al., 2001 Egedal et al., 2005] , there is no obvious observed guide field during this event. The spacecraft fortuitously measured the electron pitch angle distributions at different locations (in the vicinity of the X line and the outflow region). In this paper, we report the observational results of the reconnection event on 10 September and then analyze the generation mechanisms of such electron pitch angle distributions by following typical electron trajectories in the electric and magnetic fields of the reconnection, which are obtained in 2-D PIC simulations.
Cluster Observations

Overview
[5] In this paper, we report Cluster [Escoubet et al., 2001 ] observations of the reconnection event during the interval 0748-0804 UT on 10 September 2001. During that interval, Cluster was located in the magnetotail plasma sheet, approximately 19 R E from the Earth, and it was moving from tailward to earthward of the reconnection site. Figure 1 shows the location of Cluster at 0755 UT on 10 September 2001 in the GSM coordinate system. Unless specified, we use GSM for the discussion throughout this paper. Cluster was located around X = À19, Y = 2, and Z = 0R E . C1 (C3) was the northernmost (southernmost) spacecraft. We use measurements from several instruments on board Cluster. Magnetic field data are taken from the fluxgate magnetometer [Balogh et al., 2001] , which measures the three components of the low-frequency magnetic field. Ion plasma data are obtained from the ion Composition and Distribution Function analyzer (CODIF) instrument, which is part of the Cluster Ion Spectrometry (CIS) experiment [Rème et al., 2001] . Low-to middle-energy electron data are taken from the Plasma Electron and Current Experiment (PEACE) instrument [Johnstone, 1997] . The PEACE instrument has two sensor heads, a low-energy electron analyzer and a high-energy electron analyzer (HEEA), which are mounted on opposite sides of the spacecraft. In this study, we use the pitch angle distribution data from PEACE-HEEA. The available energy range during the interest time interval is from about 40 eV to 8 keV.
[6] Figure 2 shows an overview of the Cluster observations from 0748 to 0804 UT with 4 s spin resolution. Figures 2a -2g show plasma proton density, the three components of the magnetic field, the x component of proton flow velocity, energy-time diagrams of ions (observed by C1), and energetic electron fluxes (observed by C1). Note that during this interval, C2 does not have the data on proton density and proton flow velocity. At the beginning of the interval shown in Figure 2 , the satellites C1, C2, and C4 have positive B x , while B x observed by C3 is almost zero. The GSM system has its x axis from the Earth to the Sun. The y axis is defined to be perpendicular to the Earth's magnetic dipole. The positive z axis is chosen to be in the same sense as the northern magnetic pole.
Therefore, at that time, C1, C2, and C4 stay in the upper part of the plasma sheet, and C3 is near the center of the current sheet.
[7] During the interval from 0748 to 0804 UT, there is a gradual proton flow reversal, where a tailward (negative V x ) high-speed flow (up to 380 km/s) is followed by an earthward (positive V x ) high-speed flow (up to 400 km/s) as well as an out-of-plane (B y ) magnetic field consistent with a Hall current. All four branches of the Hall quadrupole magnetic field are observed in this event. From about 0752 to 0756 UT, Cluster is tailward of the X line. C3 is located in the lower part of the sheet and detects positive B y , while the other satellites are located in the upper part of the plasma sheet, where B y is negative. From about 0756 to 0801 UT, Cluster is earthward of the X line. C3 is located in the lower part of the plasma sheet, where B y is negative, while the other satellites are in the upper part, where B y is positive. We also find that the z component of the magnetic field (B z ) changes from negative to positive value at 0756 UT during this reconnection event, which is coincident with the reversal of the proton flow. In addition, just before Cluster enters the ion diffusion region at about 0752 UT, B y observed by all four satellites is nearly zero. Therefore, we can conclude that Cluster passes through an ion diffusion region from tailward to earthward, and this event is an almost antiparallel reconnection without the presence of an obvious guide field. On the basis of these measurements and assuming a magnetic X line structure as a characteristic for reconnection, the approximate path of Cluster through the diffusion region can be reconstructed, as shown in Figure 3 .
Electron Pitch Angle Distributions in the Vicinity of the X Line
[8] From about 0756 to 0758 UT (the orange region denoted in Figure 2 ), Cluster is in the vicinity of the X line. In Figure 4 , plasma proton density (Figure 4a ), the x component of proton flow velocity (Figure 4e) , and the three components of the magnetic field with high resolution (1/22 s) are shown. In Figure 4 , the reversal of both B y and B z is clearly evidenced, indicating that Cluster is in the vicinity of the X line. Figure 5 shows the electron pitch angle distributions in the vicinity of the X line at 0756:33 UT (time a); 0756:41 UT (time b), and 0756:56 UT (time c), which are measured by C2, C1, and C4, respectively. The resolution is 4 s. Obviously, the distributions at lower energies (from 41.2 to about 923.0 eV, 40.7 to about 602.3 eV, and 41.9 to about 387.1 eV for times a, b, and c, respectively) are field-aligned bidirectional and have peaks at 0°(parallel to the magnetic field) and 180°(antiparallel to the magnetic field) and minima at 90°(perpendicular to the magnetic field). At higher energies, the distribution for time b is almost isotropic, while the distributions for times a and c have a suprathermal tail flowing along the direction antiparallel to the magnetic field. This can also be found in Figure 6 , which illustrates electron distributions at times a, b, and c at the parallel (pitch angle 0°-20°), perpendicular (pitch angle 80°-100°), and antiparallel (pitch angle 160°-180°) directions. C2 at time a and C4 at time c have negative B y and positive B x , and they are at the upper part of the plasma sheet and located tailward of the X line. From Figure 6 , we can find that in times a and c there are more electrons streaming in the antiparallel direction than in the other two directions at higher energies. This means that the measured electron distributions have a suprathermal tail directed away from the X line. The accelerated electrons near the X line will leave this region along magnetic field lines, and these electrons cannot reach the region north of the separatrix. C2 at time a and C4 at time c measure a superthermal tail directed away from the X line, while C1 at time b does not. At the same time, C1 at time b measures larger B x (16.2 nT) than do C2 at time a (13.0 nT) and C4 at time c (16.0 nT). From Figure 1 , we also find that C1 is north of C2 and C4. On the basis of this, we can conclude that times a and c are in the region south of the separatrix (in the current sheet), while time b is in the region north of the separatrix (in the lobe). The approximate positions of times a, b, and c are marked in Figure 3. 
Electron Pitch Angle Distributions in the Outflow Region
[9] Figure 7 shows plasma proton density (Figure 7a) , the x component of proton flow velocity (Figure 7e) , and the three components of the magnetic field (Figures 7b-7d ) with high resolution (1/22 s) from 0752:00 to 0756:00 UT (the yellow region denoted in Figure 2 ). During this interval, both the obvious Hall term -generated B y and the x component of high-speed flow can be observed, and this means that Cluster is in the outflow region. Figure 8 shows the electron pitch angle distributions at time d (0752:36 UT, measured by C4), time e (0752:37 UT, measured by C2), time f (0752:55 UT, measured by C3), time g (0755:29 UT, measured by C2), and time h (0755:49 UT, measured by C2). The resolution is 4 s. Among these five times, C2 at time g has the maximum B x value (17.8 nT), and the electron distributions are isotropic at all energies. Obviously, there are no observed suprathermal electrons, which are accelerated in the vicinity of the X line and then directed away along the magnetic field line. Therefore, we know that C2 at time g is north of the separatrix (in the lobe). At other times, we find obvious superthermal tails corresponding to the accelerated electron in the vicinity of the X line, and they are south of the separatrix (in the current sheet). Their approximate positions are marked correspondingly in Figure 3 by d, e, f, g, and h. When C2 is at time h, at lower energies, electrons stream toward the X line, while at higher energies, electrons are directed away from the X line. The results are consistent with the observations at the edge of the outflow region by Manapat et al. [2006] . At the same time, B x measured by C2 at time h is about 17.0 nT, which is only slightly smaller than that measured by C2 at time g. Therefore, C2 is at the edge of the outflow region at that time. When satellites approach the center of the current sheet (C4 at time d, C2 at time e, and C3 at time f, which have smaller B x than C2 at time g), the electron distributions become field-aligned bidirectional at lower energies and isotropic at higher energies. The energy range for electron field-aligned bidirectional distributions (in this range, the electrons have field-aligned bidirectional distributions) is from 41.9 to about 1437.7 eV, 41.2 to about 5435.2eV, and 42.4 to about 1453.4 eV for C4 at time d, C2 at time e, and C3 at time f, respectively. From the observed B x , we know that C4 at time d (3.9 nT) and C3 at time f (À8.8 nT) are closer to the center of the current sheet than C2 at time e (10.3 nT). Therefore, when the satellites approach the center of the current sheet, the energy range for field-aligned bidirectional distribution becomes smaller. The above results can also be found in Figure 9 .
[10] We should note that in the above observational results, the resolution of the magnetic field is 1/22 s, while the resolution of the electron pitch angle distributions is 4 s. However, at the times we measure the electron pitch angle distributions, the fluctuating magnetic field at 1/22 s resolution is much smaller than its average value at 4 s resolution. Therefore, the above conclusions will not be changed if the fluctuating magnetic field is considered.
Discussion
[11] The pitch angle distributions observed in a magnetotail reconnection by Cluster can be explained by analyzing The density has two parts: the first part corresponds to the Harris density, while the other part corresponds to the background density. Here n 0 and n b represent the peak Harris and background densities, respectively, and d is the half width of the current sheet, which is chosen as d = 0.5c/ w pi (where c/w pi is the ion inertial length defined with the peak Harris density n 0 ). The ion-to-electron mass ratio is m i /m e = 100, and c = 15v A (where v A is the Alfvén speed based on the asymptotic magnetic field B 0 and n 0 ). The initial ion-to-electron temperature ratio is T i0 /T e0 = 5 and n b = 0.2n 0 . The particles are assumed to satisfy Maxwellian distributions. The particles corresponding to the Harris current have a drift speed along the y direction, while the background particles have no drift speed. The computation is carried out in the rectangular domain with dimension L x Â L z = (25.6c/w pi ) Â (12.8c/w pi ), and the spatial resolution is Dx = Dz = 0.05c/w pi . The time step is W i t = 0.001, where W i = q i B 0 /m i is the ion cyclotron frequency. In order to put the system in the nonlinear regime from the beginning of the simulation, an initial flux perturbation is introduced. All the parameters and the periodic boundary conditions are the same as in the Geospace Environmental Modeling magnetic reconnection challenge , except that we use a larger ion-to-electron ratio, m i /m e = 100.
[12] Because of the limitations of the PIC simulations, like the periodic boundary conditions, and the limited domain size, it is difficult to maintain a quasi-stationary reconnection rate and follow the trajectories of electrons with very high energy. Therefore, we cannot reproduce all the observed results in simulations. However, we still can deduce the observed results by ray tracing several typical electrons. The electric and magnetic fields of the reconnection at W i t = 21 were chosen for ray tracing electrons. This corresponds to the time when the reconnection rate was a maximum during the simulation. Two typical electron trajectories are then traced in this simulation structure. Figure 10 illustrates the out-of-plane magnetic field B y /B 0 (Figure 10a) , the electric field in the x direction (c/v A )E x /B 0 (Figure 10b) , the electric field in the y direction (c/v A )E y /B 0 (Figure 10c) , and the electric field in the z direction (c/v A )E z /B 0 at W i t = 21 (Figure 10d) . The magnetic field lines at W i t = 21 are also presented in Figure 10 . The maximum island half width is about 2.0c/w pi . The reconnection electric field E y can be found in the vicinity of the X line, and the out-ofplane magnetic field B y has a quadrupole structure. E x forms a bicrescent shape symmetric around the X line with a negative value in region x < 0 and a positive value in region x > 0, while E z forms two strips symmetric along z = 0 with a positive value in region z < 0 and a negative value in region z > 0.
[13] Figure 11 depicts the two typical electron trajectories that pass through the vicinity of the X line. In Figure 11 , the magnetic field lines at W i t = 21 are presented for reference. . Two typical electron trajectories passing through the X-type region. The in-plane magnetic field lines at W i t = 21 are also presented. Initially, both particles are at (x, z) = (5.5c/w pi , 2.3c/w pi ), and their energies e = 1/2m e v 2 are 0.125m e v A 2 (denoted by P) and 22.2m e v A 2 (denoted by Q), respectively. The time interval between t 1 and t 2 represents the time period during which the electron P is in the vicinity of the X line, while the interval between t 3 and t 4 represents the time period during which the electron Q is in the vicinity of the X line.
Initially, both electrons are at (x, z) = (5.5c/w pi , 2.3c/w pi ), and their energies e = 1/2m e v 2 are 0.125m e v A 2 (denoted by P in Figure 11 ) and 22.2m e v A 2 (denoted by Q in Figure 11 ), respectively. They are north of the separatrix and outside of the ion diffusion region (in the lobe). The evolution of the magnetic moment m (= m e v ? 2 /(2B)), energy e, and pitch angle of the electrons are depicted in Figure 12 . Figure 12 (left) illustrates the particle P, and Figure 12 (right) depicts the particle Q. At first, the electrons move toward the X line almost along the magnetic field lines. The motions of the electrons are nearly adiabatic (m = m e v ? 2 /(2B) is almost constant) until they reach the vicinity of the X line. When they move toward the X line because of the weak magnetic field in the vicinity of the X line, the perpendicular velocities of the electrons decrease, and their parallel velocities increase. Therefore, their pitch angles approach 180°during this period. The electrons may bounce several times almost along the magnetic field lines due to the magnetic mirror. At the same time, they achieve a velocity in the Àz direction due to E Â B drift in the vicinity of the X line (E has a component in the y direction in the vicinity), and the electrons go to the south of the separatrix (in the current sheet). In the vicinity of the X line, the motions of the electrons are nonadiabatic. The electrons are accelerated by the reconnection electric field to higher energy in the vicinity of the X line and then leave along the magnetic field lines (the pitch angles are near 0°). In the vicinity of the X line, the electrons at lower energies flow toward the X line and then may be bounced along the magnetic field lines by the magnetic mirror, which forms the observed field-aligned bidirectional distributions, while the electrons at higher energies have gyroradii comparable to the curvature radii of the magnetic field lines, and their motions are stochastic, which forms the observed isotropic distributions in the region north of the separatrix [Chen and Palmadesso, 1986] . Because of the limitation of our simulation domain and the reduced light speed, it is difficult to follow the trajectories of the electrons with very high energy. In the region south of the separatrix (in the current sheet), the energetic electrons stream away from the X line along the magnetic field lines after being accelerated by the reconnection electric field near the X line, and they form the high-energy tail directed away from the X line in the observations.
[14] After the accelerated electrons enter the outflow region, the electrons with lower energies are magnetically mirrored because of the strong magnetic field in the outflow region and may bounce several times. For low-energy particles (particle P), in most regions, the pitch angle is near 0°or 180°, except at the turning points, and we observe the field-aligned bidirectional distributions at low energies. The electrons at higher energies (particle Q) have larger gyroradii, and their motions become stochastic when their radii are comparable to the curvature radii of the magnetic field lines. The pitch angle changes rapidly. In this way, Figure 12 . Evolution of the magnetic moment m (= m e v ? 2 /(2B)), energy e, and pitch angle of the electrons. (left) The particle P: P1, P2, and P3 denote the magnetic moment m (= m e v ? 2 /(2B)), energy e, and pitch angle, respectively. (right) The particle Q: Q1, Q2, and Q3 denote the magnetic moment m (= m e v ? 2 /(2B)), energy e, and pitch angle, respectively. Variables t P and t Q are measured from the time W i t = 21, when the stationary electric and magnetic fields of the reconnection are chosen. isotropic distributions can be formed. The energy threshold from the bidirectional to isotropic distributions depends on the amplitude and topology of the magnetic field. When Cluster approaches the center of the current sheet, the electron gyroradii become large with the decrease of the magnetic field; simultaneously, the curvature radii of the magnetic field lines become small. Therefore, the motions of the electrons easily become stochastic and form isotropic distributions, which is consistent with the observed pitch angle distributions in the outflow region by Cluster. At the edge of the outflow region, the magnetic field is very strong, and the electron gyroradii are small. At the same time, the curvature radii of the magnetic field lines are large, and isotropic distributions are difficult to observe. Therefore, we can observe the electrons with higher energy directed away from the X line at the edge of the outflow region. In reality, assuming that an electron has 6000 eV and that its speed is about 0.15c, its gyroradius is about 0.15cW e
À1
. According to the observed magnetic field (about 5 nT) and density (1.0 cm À3 ), we can calculate W e À1 % 64w pe À1 % 1.5w pi À1 (m i /m e is assumed to be 1836), and the gyroradius is about 0.23c/ w pi . Therefore, the gyroradius of the electron is comparable to the half width of the current sheet. Considering that the curvature radii of the magnetic field lines change largely in different regions, the motions of electrons at higher energies may be stochastic in some regions of the magnetotail reconnection.
[15] The electron pitch angle distributions in a deep-tail reconnection event have also been observed by the Wind spacecraft [Øieroset et al., 2002] , and the electron distributions in the vicinity of the X line are also found to be fieldaligned bidirectional at lower energies and isotropic at higher energies. The reconnection event has a very strong guide field, which is comparable to the asymptotic magnetic field B 0 . Egedal et al. [2005] found that the strong electrostatic potential in the vicinity of the X line plays a key role in trapping electrons and forms such anisotropic distributions. Different from their case, in our observations, there is no obvious guide field, and we found that such anisotropic distributions can be observed not only in the vicinity of the X line, but also in the outflow region. The generation mechanisms of such electron distributions are also different from that described by Egedal et al. [2005] .
Conclusions
[16] In this paper, we presented Cluster observations of a magnetotail reconnection event without an obvious guide field and analyzed the electron pitch angle distributions in the vicinity of the X line and the outflow region. In the vicinity of the X line, at lower energies, the electron distributions are field-aligned bidirectional, and a high-speed stream directed away from the X line inside the ion diffusion region is observed. The bidirectional distributions at lower energies are the result of a magnetic mirror in the reconnections, and the acceleration by the reconnection electric field near the X line leads to a high-speed stream away from the X line. At the edge of the outflow region, there is a highspeed electron stream directed away from the X line and a low-speed stream directed toward the X line, which has also been observed previously in the magnetotail [Fujimoto et . When Cluster approaches the center of the current sheet, the distributions become field-aligned bidirectional at lower energies and isotropic at higher energies. The electrons at lower energies are magnetically mirrored, and they may bounce along the magnetic field lines several times, forming the field-aligned directional distributions. At higher energies, the radii of the electrons become large and comparable to the curvature radii of the magnetic field lines, and their motions become stochastic, forming isotropic distributions. The energy threshold from the bidirectional to isotropic distributions depends on the amplitude and topology of the magnetic field. At the edge of the outflow region, where the amplitude of the magnetic field is strong and the curvature radii of the magnetic field lines become large, the electron motions do not easily become stochastic. Therefore, isotropic distributions at the edge of the outflow region cannot be observed.
